Introduction
The formation of carbon-nitrogen bonds constitutes an important step in the preparation of several products ranging from chemical feedstocks to pharmaceuticals, and over the last few decades, intensive research has been devoted to this topic. 1 The use of ammonia as an inexpensive reagent for C-N coupling reactions is highly desired.
2 Ammonia is consumed on a large scale in industry, and C-N bond coupling reactions are e.g. accomplished in the synthesis of urea and in the Degussa process; in the latter, HCN is generated from CH 4 and NH 3 at high temperatures. However, the specific, metal-mediated formation of nitrogen-containing molecules generated directly from NH 3 in homogeneous catalytic reactions under ambient conditions is still rather limited due to the unwanted deactivation of the catalyst by the formation of Werner amine complexes. The improvement of existing and the development of new catalysts can ideally be achieved based on the knowledge of the intrinsic properties of the active metal center and of the underlying reaction mechanism, derived at a molecular level.
One way to gain such insight is studying model systems in the gas phase. Mass-spectrometry-based experiments 3 have for example aided in the identification of CH 2 NH as a crucial intermediate in the Degussa process, 4 and its existence has been confirmed later by in situ photoionization experiments. 5 In the gas-phase model of the [Pt] + -mediated coupling of ammonia and methane, 4a,6 the generation of [Pt(CH 2 )] + from
[Pt] + and methane constitutes the first step (eqn (1)).
[Pt(CH 2 )] + can then react with NH 3 to afford three different product couples (eqn (2)-(4)): 4a,6 Also earlier, 4,6-8 the nature of the metal center crucially influences reaction efficiencies, branching ratios, and the generated product species in C-N coupling reactions. 9 In order to uncover similarities and differences, and to explore trends within group 10 of the periodic 
Mass spectrometry and ion/molecule reactions
The experiments were performed with a VG Bio-Q mass spectrometer of QHQ configuration (Q: quadrupole; H: hexapole) equipped with an electrospray-ionization (ESI) source, as described in detail elsewhere. 11 7 The solutions were introduced through a fused-silica capillary to the ESI source via a syringe pump (ca. 4 μL min −1 ) in order to produce the metal-complex cations. Nitrogen was used as a nebulizing and drying gas at a source temperature of 80°C. Maximum yields of the desired complexes were achieved by adjusting the cone voltage (U c ); U c determines the degree of collisional activation of the incident ions in the transfer from the ESI source to the mass spectrometer. 11 The identity of the ions was confirmed by comparison with the expected isotope patterns. 12 The ion/molecule reactions of the complexes with ammonia were probed at a collisional energy (E lab ) set to nominally 0 eV, which in conjunction with the ca. 0.4 eV kinetic energy width of the parent ion at half peak height allows the investigation of quasithermal reactions, as demonstrated previously. 13 Finally, all given branching ratios were determined by extrapolating the branching ratios at different pressures of ammonia to p(NH 3 ) = 0.
DFT calculations
In the computational studies we employed the Gaussian 09 program package 14 
Results and discussion
Experimental results are also observed for M = Ni (eqn (5) and (6) for the product ion (eqn (7)) is based on the theoretical results (see below). Additionally, [Ni(NH 3 )] + has been observed, and it must have been formed in a secondary reaction (eqn (11) 
The assignments of the reaction channels given in eqn (5)- (11) experiments provide further insight into the origin of the neutral products H 2 and H of the reactions 6, 7, and 9. The exclusive deuterium and hydrogen atom losses according to eqn (7a) and (7b), respectively, indicate a specific N-H bond activation of ammonia. In contrast, for both M = Ni and Pt, hydrogen/deuterium scrambling processes and/or coexisting reaction mechanisms are operative in the dehydrogenation according to eqn (6a/9a) and (6b/9b As shown in Fig. 2 and Table 1 , a two-state reactivity (TSR) scenario, 28 which is crucial in numerous reactions of cationic nickel complexes in the gas phase, 29 is not necessarily involved
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in these reactions because all intermediates and transition structures in their low-spin ground state are lower in energy compared to the entrance channel. Thus, the possible involvement of a TSR scenario is largely controlled by the efficiency of the spin-orbit coupling which is the highest for platinum. For the latter system, however, the high spin and low spin surfaces do not cross in the course of the reaction. Here, the triplet state is the ground state only of the exit channel; thus, a spin Table 3 summarizes some relevant geometric parameters of selected species given in Fig. 2 and 3 . The M-C bond lengths in [M(CH)] + (M = Ni, Pd, Pt) are in good agreement with data obtained from the triple bond radii approach of Pyykkö and co-workers. 30 While this holds also true for 1 and TS 1/2 , the M-C bond in 2 is elongated by 0.1 Å leading to a double bond character. 31 In intermediate 4, the M-C bond length exceeds the value of the single bond radii approach 31, 32 Fig. 3 ). Transition structure TS 3/6a of path I possesses a five-membered ring, while TS 3/6b of path II corresponds to a planar four-membered ring; accordingly, it is a prototype of a genuine transition structure of a σ-bond metathesis reaction. As discussed in the context of methane activation by transition metal hydrides, 33 As mentioned above, for TS 3/6a neither on the singlet nor on the triplet surface a transition state could be located for platinum; here, the initial structures instead converge to species formed in a sequence of an oxidative addition (OA)/ reductive elimination (RE) process and to a β-hydrogen transfer, respectively, Fig. 4 . Similar trends have been reported before for the dehydrogenation of methane by group 10 transition-metal hydrides [MH] + (M = Ni, Pd, Pt) 34 or in the 
This 
palladium, and (c) platinum. The structures of the corresponding minima and transition states are given in (d) . The energies are given relative to the singlet ground states of the educts (Fig. 2) ; for details, also see Table 2 . For the sake of clarity, charges are omitted. C , H , N , metal .
degenerated reactions of the [M(CH 3 )] + /CH 4 pairs (M = Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt). 35 OA/RE scenarios are especially observed in electron-rich, late 4d and 5d transition metal complexes, 36 while the σ-bond metathesis mechanism is typically operative for early transition metals and for those of the first row thus preventing high formal oxidation states. 37 In the present case, the platinum dihydride complexes 5a and 5b are formed in a first step, and the subsequent generation of the σ-hydrogen complexes 6a and 6b proceeds smoothly and more or less barrier-free (1.0 kJ mol −1 and 1.1 kJ mol −1 relative Table 3 Selected bond lengths (r, given in Å) of the singlet species shown in Fig. 2 and 3 , the bond lengths of the triplet state species are given in parentheses Ni Pd Pt (Fig. 2) . For the sake of clarity, charges are omitted. C , H , N , Pt .
to 5a and 5b, respectively). Similar pathways could not be located for nickel and palladium; here, the initial structures converge to the corresponding intermediates shown in Fig. 3 (Fig. 4) The formations of the latter product ions proceed again via different reaction pathways; while for nickel and palladium a σ-bond metathesis is operative, for platinum a sequence of oxidative addition and reductive elimination is involved thus demonstrating metal-depending reaction mechanisms for the same type of reaction.
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